^ AND METHOD OF MAKING THF. SAMP. 

FIELD OF THE INVENTION 

The present invention relates to a multi-piece 
solid golf ball and a method of making the same. More 
particularly, it relates to a multi-piece solid golf ball 
having excellent flight performance and excellent shot feel 
at the time of hitting, and a method of making the same 
having good workability. 

BACKGROUND OF THE INVENTION 

Golf balls are typically classified into thread 
wound golf balls and solid golf balls. The solid golf ball 
is generally composed of a core and a cover covering the 
core. Although the core can have either single layer 
structure or multi-layer structure, the core is generally 
formed from vulcanized rubber. The vulcanized rubber is 
obtained by vulcanizing or press-molding a rubber 
composition, which typically comprises high-cis 

polybutadiene rubber, zinc salt of (meth) acrylic acid, 
organic peroxide as a crosslinking agent and the other 
additives. The zinc salt of (meth) acrylic acid acts as a 
co-crosslinking agent to form crosslinkage through the zinc 
salt of (meth) acrylic acid between rubber molecules, in 
addition to crosslinkage through oxygen atoms generated by 
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peroxide between rubber molecules. These two types of 
crosslinkage enhance flight performance and improve shot 
feel at the time of hitting of the resulting golf ball* 
The term " (meth) acrylic acid" as used herein refers to 
5 acrylic acid or methacrylic acid, or the mixture thereof. 

It has been general that both core and cover have 
single layer structure, but it is now proposed that the 
core or cover are made multi-layer structure, which has two 
or more layers, in order to extend flight distance and 

10 improve shot feel. It is, however, difficult to make the 
core multi-layer structure, particularly two layer 
structure composed of a center and a core outer layer, 
because it is required to cover a rubber composition having 
high viscosity in concentric circle on the center and 

15 vulcanize or press-mold it. Methods of producing a two- 
layered core include, for example, 

(A) a method comprising the steps of vulcanizing 
or press-molding a rubber composition for center to obtain 
a center, holding the center to a given position in a mold 

2 0 for a core outer layer with a movable hold pin, removing 
the pin, and then vulcanizing or press-molding the core 
outer layer, 

(B) a method comprising the steps of semi- 
vulcanizing a rubber composition for core outer layer or 

25 heating the rubber composition for a given time to such a 



degree that the rubber composition does not shrink using a 
mold having a semi-spherical cavity and a male plug mold to 
form a semi-vulcanized or unvulcanized semi-spherical half- 
shell for the core outer layer, removing the male plug mold, 
5 putting the vulcanized center in the semi-spherical half- 
shell for the core outer layer, covering the center with 
two half-shells, and then vulcanizing or press-molding it, 
m (C) a method described in the method (B) except 

^ that the core outer layer is used as a seat without making 

10 the core outer layer the half-shell. 
rV The above are described in Japanese Patent Kokai 

f" Publication Nos. 105774/1988, 228978/1990, 218077/1994 and 

the like. The methods also include; 
m (D) a method described in the method (B) except 

rl 15 that the unvulcanized center is covered with two semi- 
vulcanized or vulcanized semi-spherical half-shells for 
core outer layer to vulcanize or integrally press-mold it 
without vulcanizing the center in advance, 

(E) a method comprising the steps of covering the 
20 molded center with an unvulcanized core outer layer, and 

molding it in a mold having a different shape from the mold 
for vulcanizing or press-molding the core outer layer in a 
desired shape when forming the core outer layer, and 

(F) a method comprising the steps of covering the 
25 center with the core outer layer in two stages, comprising 



the first stage of forming an intermediate article having a 
Rugby ball shape using a mold having an ellipse cavity 
having a shorter diameter slightly larger than the outer 
diameter of the center and a longer diameter equal to the 
diameter of the core outer layer, and the second stage of 
putting the longer diameter of the intermediate article on 
the seam surface in a mold for core to cover the 
intermediate article with the core outer layer . This 
method (F) is based on the fact that the eccentricity of 
the center in the core mainly occurs at the seam surface of 
the core outer layer. 

In the above methods, it is required to use a 
great quantity of fluororesin type or silicone resin type 
release agent, or to carry out a special release treatment 
on a mold surface, such as chrome plating or fluororesin 
coating, because the releasability of the molded article 
from the mold is very poor when molding a rubber 
composition containing zinc acrylate and high-cis 
polybutadiene . 

In case of using the release agent, the release 
agent usually remains on the surface of the molded article 
and the adhesion between the center and the core outer 
layer or that between the core outer layer and the cover is 
degraded by the presence of the remaining release agent. 
Accordingly, it is required to remove the release agent by 



means of buffing or washing. The removal of the release 
agent remaining in a concave portion of the molded article 
is very difficult. The special release treatment, such as 
chrome plating or fluororesin coating is better because the 
5 release agent is not adhered to the molded article. The 
special treatment, however, has a defect that operation is 
complicated and requires high cost. There has been 
proposed a release agent that is not adhered to the molded 
article, but the coating operation is complicated and it is 
10 expensive. 

OBJECTS OF THE INVENTION 

A main object of the present invention is to 
provide a multi-piece solid golf ball having excellent 
flight performance and excellent shot feel at the time of 
15 hitting, and a method of making the same having good 
workability. 

According to the present invention, the object 
described above has been accomplished by making a multi- 
piece solid golf ball comprising a core 4 consisting of a 

20 center 1 and one or more layers of core outer layer 2 
formed on the center, and a cover 3 covering the core, the 
core outer layer 2 being obtained from a rubber composition 
which does not contain zinc salt of unsaturated carboxylic 
acid, which has been typically used as a co-crosslinking 

25 agent for cores of golf balls, thereby providing a multi- 
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piece solid golf ball having excellent flight performance 
and excellent shot feel, and a method of making the same 
having good workability. 

This object as well as other objects and 
5 advantages of the present invention will become apparent to 
those skilled in the art from the following description 
with reference to the accompanying drawings, 
BRIEF EXPLANATION OF DRAWINGS 
^ 3^^^"^ Vig.l is a schematic cross section illustrating 

10 one embodiment of the golf ball of the present invention. 



^S^L^y UTj-<j-2 is a schematic cross section illustrating 
one embodiment of the mold for producing the core outer 
layer of the golf ball of the present invention. 
^V^^^^Vig.3 is a schematic cross section illustrating 
15 one embodinient of the mold for producing the core of the 
golf ball of\the present invention. 

^^^^V^ • 4 is a graphic illustrating a relation 
between a torque measured by a curastometer of the rubber 
composition yof the present invention and time. 

20 A}^^ Nummary of the invention 

/ \ 1\he present invention provides a multi-piece 
solid golf kali comprising a core composed of a center and 
a core outer layer formed on the center, and a cover 
covering the \ core, wherein the core outer layer is formed 
25 from a rubber! composition which does not contain zinc salt 



5^^)^^f unsaturated carboxylic acid. 

The present invention provides a method of making 



a multi-piece solid golf ball comprising the steps of: 

a) molding a rubber composition for a center in 
5 a spherical\ shape to form an unvulcanized center, 

(b) placing a rubber composition for a core outer 
layer to a mold having a semi-spherical cavity, and either 
semi-vulcanizing the rubber composition or heating the 
% rubber composition to such a degree that the rubber 

ill 10 composition neither semi-vulcanizes nor shrinks between the 
jn semi-spherical cavity and a male plug mold to form a semi- 

1^ vulcanized or unvulcanized semi-spherical half-shell for 

g the core outer layer, 

Ijj (c) after removing the male plug mold, mounting 

q 15 the unvulcanized center formed in the step (a) on a concave 
of the semi-vulcanized or unvulcanized semi-spherical half- 
shell for the core outer layer, and covering the 
unvulcanized center with a semi-vulcanized or unvulcanized 
semi-spherical half-shell for the core outer layer 
20 separately formed in the same manner as the step (b) to 
integrally vulcanize, 

(d) optionally, repeating the step (c) to form a 

core, and 

(e) covering the core with a cover, 

25 wherein the rubber composition for core outer 
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layer does not contain zinc salt of unsaturated carboxylic 
acid. 

The multi-piece solid golf ball of the present 
invention will be explained taking a three-piece solid golf 
ball having a two-layered core with reference to the 
accompanying drawings. Fig. 1 is a schematic cross section 
illustrating one embodiment of the multi-piece solid golf 
ball of the present invention. In Fig. 1, 1 is a center, 2 
is a core outer layer formed on the center and 3 is a cover 
covering the core outer layer 2. 




ig.2 is a schematic cross section illustrating 



one embodiment of the mold for producing the core outer 
layer of the golf ball of the present invention. Fig. 3 is 
a schematicl cross section illustrating one embodiment of 
the mold fon producing the core of the golf ball of the 
present invention. In the method of making the multi-piece 
solid golf nail of the present invention, a rubber 
composition for a core outer layer is placed to a mold 
having a semiV-spherical cavity 6, and either semi- 
vulcanized or nbated to such a degree that the rubber 
composition neitoer semi-vulcanizes nor shrinks between the 
semi-spherical cavity and a male plug mold 5 as described 
in Fig. 2 to form \ a semi-vulcanized or unvulcanized semi- 
spherical half-sheVLl for the core outer layer. After 
removing the male p\ug mold 5, the unvulcanized center 1 is 
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lounted on a concave of the semi -vulcanized or unvulcanized 
semi-spherical half-shell for the core outer layer 7 as 
described in Fig. 3, and a semi-vulcanized or unvulcanized 
sem\l-spherical half-shell for the core outer 7' separately 
formed in the same manner is covered on the unvulcanized 
center, and integrally vulcanized to form a two-layered 
core 41. The core 4 is covered with the cover 3 to obtain a 
three-jjiece golf ball. 

tfhe term "semi-vulcanized" as used herein refers 
to a /stat\ that a rubber composition is vulcanized but 
vulcanization stops before completely finish the 
crosslinkincA reaction. The semi-vulcanized article can 
keep its molded shape, and can be further vulcanized to 
complete the crosslinking reaction when heating again. The 
semi-vulcanization may be preferably adjusted to a 
condition that When a torque is measured by a curastometer, 
a difference between a minimum torque value immediately 
after starting Vulcanization and a maximum torque value 
when the vulcanization is completed is controlled within 
the range of 5 to \80 %. 
s^^^y \a method of adjusting the condition of semi- 



vulcanizatLLon is as follows. Change of torque with time 
applied to\a disc of the curastometer with time is measured 
from the unvulcanized state to the completely vulcanized 
state of tne rubber composition. Fig. 4 is a graphic 



illustrating a relation of a torque measured using a 
clrastometer (JSR curastometer type III D manufactured by 
Orllentech Co., Ltd.) from the unvulcanized state to the 
completely vulcanized state of the rubber composition with 
time. The larger the torque, the harder the rubber, 
because vulcanization is proceeded. The minimum torque 
value F appears at the time t x immediately after starting 
the \ vulcanization, the torque gradually increases 
thereafter, and the maximum torque value G appears at the 
time ti 4 when the vulcanization is completed. In the 
present! invention, the semi-vulcanized state means that 
when the\ torque is measured by a curastometer, a difference 
H betweem the minimum torque value F and the maximum torque 
value G is\ controlled within the range of 5 to 80 I. If a 
torque I corresponding to 5 % of the difference H appears 
at the time V 3 and a torque J corresponding to 80 % of the 
difference H \appears at the time t 4 , the semi-vulcanized 
state is obtaVned when vulcanization stops at a time 
between the tim® t 3 and the time t 4 . The measurement by 
the curastometer \ is conducted according to JIS K 6300, 
except that it ia conducted at a testing temperature of 
160°C (it can be measured between 150 and 170°C) and an 
angle of amplitude o^f the disc of 3°. 

In the multi-piece solid golf ball of the present 
invention, the rubber composition containing no zinc 



acrylate is used for the core outer layer 2, because the 
rubber composition containing zinc acrylate has very poor 
releasability from a mold. It is required that the rubber 
composition for the center 1 contains zinc acrylate for 
keeping rebound characteristics good in the resulting golf 
ball, thereby releasability is poor. However, since the 
center 1 has a shape that release agent is easily removed 
from its surface after vulcanization, the center 1 can be 
produced in the same manner as the conventional two-piece 
golf ball. Therefore, a multi-piece solid golf ball having 
good workability, excellent flight performance and good 
shot feel at the time of hitting is obtained. 

Both the center 1 and the core outer layer 2 are 
obtained by vulcanizing or press-molding a rubber 
composition. The rubber composition typically comprises a 
base rubber, a crosslinking agent, a co-crosslinking agent, 
optionally a filler and antioxidant, and the like. As a 
co-crosslinking agent, zinc acrylate is used for the center 
1, and a metal salt or an ester of unsaturated carboxylic 
acid other than zinc salt of unsaturated carboxylic acid is 
used for the core outer layer 2. 

The base rubber used for the center 1 of the 
present invention may be natural rubber and/or synthetic 
rubber which has been conventionally used for solid golf 
balls. Preferred is high-cis polybutadiene rubber 



containing a cis-1, 4 bond of not less than 40 %, 
preferably not less than 80 %. The high-cis polybutadiene 
rubber may be optionally mixed with natural rubber, 
polyisoprene rubber, styrene-butadiene rubber, ethylene- 
propylene-diene rubber (EPDM) and the like. 

The crosslinking agent used for the center 1 of 
the present invention includes organic peroxide, for 
example, dicumyl peroxide, t-butyl peroxide and the like. 
Preferred is dicumyl peroxide. An amount of the 

crosslinking agent is from 0.5 to 3.0 parts by weight, 
based on 100 parts by weight of the base rubber. When the 
amount of the crosslinking agent is smaller than 0.5 parts 
by weight, the center is too soft. Therefore, rebound 
characteristics are degraded to reduce flight distance. On 
the other hand, when the amount of the crosslinking agent 
is larger than 3.0 parts by weight, the center is too hard, 
thus shot feel is poor. 

The co-crosslinking agent used for the center 1 
of the present invention includes metal salt of unsaturated 
carboxylic acid, particularly mono or divalent metal salts, 
such as zinc or magnesium salts of a, ^-unsaturated 
carboxylic acids having 3 to 8 carbon atoms (e.g. acrylic 
acid, methacrylic acid, etc.). Preferred co-crosslinking 
agent is zinc acrylate because it imparts high rebound 
characteristics to the resulting golf ball. An amount of 
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the co-crosslinking agent in the rubber composition is from 
15 to 40 parts by weight/ preferably from 20 to 35 parts by 
weight. When the amount of the co-crosslinking agent is 
larger than 40 parts by weight, the center is too hard, 
5 thus shot feel is poor. On the other hand, when the amount 
of the co-crosslinking agent is smaller than 15 parts by 
weight, the center is soft. Therefore, rebound 

characteristics are degraded to reduce flight distance. 
,q The filler used for the center 1 of the present 

M 10 invention, which can be typically used for the center of 
1/1 golf ball, includes for example, inorganic filler (such as 

y* zinc oxide, barium sulfate, calcium carbonate and the like) , 

Q high specific gravity metal powder filler (such as powdered 

W tungsten, powdered molybdenum, and the like) , and the 

53 15 mixture thereof. An amount of the filler is not limited 
and can vary depending on the specific gravity and size of 
the cover and center, but is from 3 to 7 0 parts by weight, 
preferably from 3 to 60 parts by weight, based on 100 parts 
by weight of the base rubber. When the amount of the 
20 filler is smaller than 3 parts by weight, the center is too 
light, and thus the resulting golf ball is too light. On 
the other hand, when the amount of the filler is larger 
than 70 parts by weight, the center is too heavy, and the 
resulting golf ball is too heavy. 
25 The rubber composition for the center 1 of the 




golf ball of the present invention can contain other 
components, which have been conventionally used for 
preparing the center of solid golf balls, such as peptizing 
agent or antioxidant. If used, an amount of the 

antioxidant is preferably 0.2 to 1.5 parts by weight, based 
on 100 parts by weight of the base rubber. 

The above rubber composition for the center is 
molded in a spherical to form an unvulcanized center 1. A 
core outer layer 2 is then formed on the center 1. 

The base rubber used for the core outer layer 2 
of the present invention may be natural rubber and/or 
synthetic rubber which has been conventionally used for 
solid golf balls. Preferred is high-cis polybutadiene 
rubber containing a cis-1, 4 bond of not less than 40 %, 
preferably not less, than 80 %. The high-cis polybutadiene 
rubber may be optionally mixed with natural rubber, 
polyisoprene rubber, styrene-butadiene rubber, ethylene- 
propylene-diene rubber (EPDM) and the like. In the core 
outer layer 2, it is preferable that the base rubber 
comprises not less than 80 % by weight of polybutadiene 
rubber containing a cis-1, 4 bond of not less than 80 %, in 
view of rebound characteristics of the resulting golf ball. 

The crosslinking agent used for the core outer 
layer 2 of the present invention includes organic peroxide, 
for example, dicumyl peroxide, t-butyl peroxide and the 
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like. Preferred is dicumyl peroxide. An amount of the 
crosslinking agent is from 0.5 to 5.0 parts by weight, 
based on 100 parts by weight of the base rubber. When the 
amount of the crosslinking agent is smaller than 0.5 parts 
5 by weight, the core outer layer is too soft. Therefore, 
rebound characteristics are degraded to reduce flight 
distance. On the other hand, when the amount of the 
crosslinking agent is larger than 5.0 parts by weight, the 
core outer layer is too hard, thus shot feel is poor. 

10 The co-crosslinking agent used for the core outer 

layer 2 of the present invention includes metal salt of 
unsaturated carboxylic acid other than zinc salt of 
unsaturated carboxylic acid, particularly sodium, magnesium, 
calcium, tin, titanium or zirconium salts of a, p- 

15 unsaturated carboxylic acids having 3 to 8 carbon atoms 
(e.g. acrylic acid, methacrylic acid, etc.). Preferred co- 
crosslinking agent is magnesium acrylate because it imparts 
high rebound characteristics to the resulting golf ball. 
The co-crosslinking agent used for the core outer layer 2 

20 of the present invention also includes esters of 
unsaturated carboxylic acids, such as methyl ester, * ethyl 
ester or propyl ester of unsaturated carboxylic acids (e.g. 
acrylic acid, methacrylic acid, ethacrylic acid, crotonic 
acid, sorbic acid, itaconic acid, maleic acid, fumaric acid, 

25 etc.); trimethylolpropane trimethacrylate and the like. An 



amount of the co-crosslinking agent in the rubber 
composition is from 5 to 50 parts by weight, preferably 
from 10 to 40 parts by weight, based on 100 parts by weight 
of the base rubber. When the amount of the co-crosslinking 
agent is larger than 50 parts by weight, the core outer 
layer is too hard, and thus shot feel is poor. On the 
other hand, when the amount of the co-crosslinking. agent is 
smaller than 5 parts by weight, the core outer layer is too 
soft. Therefore, rebound characteristics are degraded to 
reduce flight distance. 

The filler used for the core outer layer 2 of the 
present invention, which can be typically used for the 
center of golf ball, includes for example, inorganic filler 
(such as zinc oxide, barium sulfate, calcium carbonate and 
the like) , high specific gravity metal powder filler (such 
as powdered tungsten, powdered molybdenum, and the like), 
and a mixture thereof. An amount of the filler is not 
limited and can vary depending on the specific gravity and 
size of the cover and core outer layer, but is from 3 to 70 
parts by weight, based on 100 parts by weight of the base 
rubber. When the amount of the filler is smaller than 3 
parts by weight, the core outer layer is too light, thus 
the resulting golf ball is too light. On the other hand, 
when the amount of the filler is larger than 70 parts by 
weight, the core outer layer is too heavy, thus the 



resulting golf ball is too heavy. 

The rubber composition for the core outer layer 2 
of the golf ball of the present invention can contain other 
components, which have been conventionally used for 
preparing the center of solid golf balls, such as peptizing 
agent or antioxidant. If used, an amount of the 

antioxidant is preferably 0.2 to 1.5 parts by weight, based 
on 100 parts by weight of the base rubber.. 

The core outer layer 2 is formed by the method 
comprising the steps of: (i) placing a rubber composition 
for the core outer layer to a mold having a semi-spherical 
cavity 6, and then either semi-vulcanizing or heating to 
such a degree that the rubber composition neither semi- 
vulcanizes nor shrinks between the semi-spherical cavity 
and a male plug mold 5 as described in Fig. 2 to form a 
semi-vulcanized or unvulcanized semi-spherical half-shell 
for the core outer layer, and 

(ii) after removing the male plug mold 5, mounting the 
unvulcanized center on a concave of the semi-vulcanized or 
unvulcanized semi-spherical half-shell for the core outer 
layer as described in Fig. 3, covering a separate semi- 
vulcanized or unvulcanized semi-spherical half-shell for 
the core outer formed in the same manner on the 
unvulcanized center, and integrally vulcanizing. The core 
outer layer 2 may have a multi-layered structure, which has 
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two or more layers, by optionally repeating the step (ii) . 

In the multi-piece solid golf ball of the present 
invention, the center has a diameter of 15 to 4 0 mm, 
preferably 25 to 39 mm. When the diameter of the center is 
smaller than 15 mm, the volume of the center is too small, 
thus the technical effects accomplished by the presence of 
the core are not obtained. On the other hand, when the 
diameter of the center is larger than 40 mm, the thickness 
of the core outer layer is too thin, thus technical effects 
accomplished by the presence of the core outer layer are 
not obtained. The core preferably has a diameter of 35 to 
41 mm, and therefore the core outer layer has a thickness 
of 0.5 to 13 mm, preferably 0.5 to 10 mm, because the 
center has the diameter of 15 to 40 mm as described above. 
When the thickness of the core outer layer is smaller than 
0.5 mm, the thickness of the core outer layers is too thin, 
thus technical effects accomplished by the presence of the 
core outer layer are not obtained. On the other hand, when 
the thickness of the core outer layer is larger than 13 mm, 
the volume of the center is too small, thus the technical 
effects accomplished by the presence of the core are not 
obtained. The volume of the core outer layer 2 is 
preferably less than 50 % of the volume of the core 4, in 
view of durability and rebound characteristics. 

The cover 3 is then covered on the core outer 



layer 2. In the golf ball of the present invention, the 
cover . may be formed from ionomer resin or the mixture of 
thereof. The ionomer resin is an ethylene- (meth) acrylic 
acid copolymer, of which a portion of carboxylic acid 
groups is neutralized with metal ion, which has been 
conventionally used for preparing the cover of solid golf 
balls. The metal ion which neutralizes a portion of 
carboxylic acid groups of the copolymer includes alkali 
metal ion, such as sodium ion, potassium ion, lithium ion 
and the like; divalent metal ion, such as zinc ion, calcium 
ion, magnesium ion, and the like; trivalent metal ion, such 
as aluminum ion, neodymium ion, and the like; and the 
mixture thereof. Preferred are sodium ion, zinc ion, 
lithium ion and the like, in view of rebound 
characteristics, durability and the like. The ionomer 
resin is not limited, but examples thereof will be shown by 
a trade name thereof. Examples of the ionomer resins, 
which is commercially available from Mitsui Du Pont 
Polychemical Co., include Hi-milan 1557, Hi-milan 1605, Hi- 
mi lan 1652, Hi-milan 1705, Hi-milan 1706, Hi-milan 1707, 
Hi-milan 1855 and Hi-milan 1856. Examples of the ionomer 
resins, which is commercially available from Exxon Chemical 
Co., include Iotec 7010, Iotec 8000, and the like. These 
ionomer resins are used alone or in combination. 

The cover composition used in the present 
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invention may optionally contain pigments (such as titanium 
dioxide/ etc.), fillers (such as barium sulfate, etc.) and 
the other additives such as a dispersant, an antioxidant, a 
UV absorber, a photostabilizer and a fluorescent agent or a 
5 fluorescent brightener, etc., in addition to the resin 
component, as long as the addition of the additives does 
not deteriorate the desired performance of the golf ball 
cover. An amount of the pigment is preferably from 0.1 to 
0.5 parts by weight based on 100 parts by weight of the 

10 cover resin component. 

The cover used in the present invention is formed 
by a conventional method for forming golf ball cover well 
known in the art, such as injection molding, press-molding 
and the like. The cover preferably has a thickness of 1.0 

15 to 4.0 mm. At the time of cover molding, many depressions 
called "dimples" may be optionally formed on the surface of 
the golf ball. Furthermore, paint finishing or marking 
stamp may be optionally provided after cover molding for 
serving commercial sell. 

2 0 EXAMPLES 

The following Examples and Comparative Examples 
further illustrate the present invention in detail but are 
not to be construed to limit the scope of the present 
invention. 

25 (Examples 1 to 5 and Comparative Examples 1 to 2) 



Production of two-iayprfid rorp 

The core outer layer compositions shown in Table 
1 were mixed, and press-molded at 150°C for 5 minutes using 
a male plug mold 5 and a mold having a semi-spherical 
cavity 6 described in Fig. 2 to obtain a semi-spherical 
half-shell for the core outer layer 2. The core outer 
layer was left in the mold having a semi-spherical cavity 
after removing the male plug mold* The center rubber 
composition shown in Table 2 were mixed, and molded to form 
an unvulcanized center 1. The unvulcanized center was 
covered with the two core outer layers, and vulcanized or 
integrally press-molded at 165°C for 8 minutes to obtain a 
two-layered core 4 having a diameter of 38.5 mm. 
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Table 1 (parts by weight) 



Core outer layer 
composition 


Example No. 


Comparative 
Example No. 


l 


2 


3 


4 


5 


1 


2 


BR-01 *1 


100 


90 


80 


100 


100 


100 


90 


IR2200 *2 




1 f) 










i n 


Mai'Viarrvl if arid 


3 U 


o u 












Magnesium oxide 


30 






20 








Calcium hydroxide 




30 












Magnesium acrylate 






45 










Zinc acrylate 












30 




Trimethylolpropane 
trimethacrylate 
















Zinc oxide 










15 


15 


30 


Barium sulfate 


10 






15 








Dicumyl peroxide 


2 




2 


2 


4 


1.5 


1 


Core outer layer 
/cored by volume) 


23 


40 


40 


10 


23 


23 


23 



*1: High-cis-1, 4-polybutadiene (trade name ■ "BR-01") 
available from JSR Co., Ltd. 

*2: High-cis-polyisoprene (trade name "IR2200") available 



from JSR Co., Ltd. 



Table 2 



Center composition 


Amount 
(parts by weight) 


BR-01 *1 


100 


Zinc acrylate 


25 


Zinc oxide 


13.18 


Antioxidant *2 


0.5 


Barium sulfate 


10 


Dicumyl peroxide 


1. 65 



*1: High-cis-1, 4-polybutadiene (trade name "BR-01") 
available from JSR Co., Ltd. 

*2 : Antioxidant (trade name "Yoshinox 425") available from 
Yoshitomi Pharmaceutical Ind., Ltd. 

For the resulting two-layered core, releasability 
from a mold after molding, and adhesion between the core 
outer layer and the center were evaluated or measured, and 
the results are shown in Table 4 . The test methods are 
described later. 

Production of golf balls (Fo rmation of r.nver) 
The cover compositions shown in Table 3 were 
covered on the resulting two-layered core 4, followed by 
painting the surface to obtain three-piece solid golf balls 
having a diameter of 42.7 mm. 



Table 3 



Cover compositions 


Amount 


(parts by weight) 


Hi-milan 1605 *3 


50 


Hi-milan 1706 *4 


50 


Titanium dioxide 


2 


Barium sulfate 


2 



*3: Hi-milan 1605 (trade name), ethylene-methacrylic acid 
copolymer ionomer resin obtained by. neutralizing with 
sodium ion, manufactured by Mitsui Du Pont Polychemical Co., 
Ltd. 

*4: Hi-milan 1706 (trade name), ethylene-methacrylic acid 
copolymer ionomer resin obtained by neutralizing with zinc 
ion, manufactured by Mitsui Du Pont Polychemical Co., Ltd. 

Flight distance and durability of the resulting 
golf., ball were measured or evaluated, and the results are 
shown in Table 4. The test methods are as follows. 

Test method 

(1) Releasability 

After molding the two-layered core in a mold, 
releasability from the mold is evaluated by the following 
evaluation criteria. 

(Evaluation criteria ) 

Good: It is easy to release from the mold without 



using a release agent. 

Fairly good: It is able to release from the mold 
by coating a release agent on the mold. 

Poor: It is slightly difficult to release, if a 
release agent is coated on the mold. 

(2) Flight performance 

A No.l wood club (a driver) was mounted to a 
swing robot manufactured by True Temper Co. and the 
resulting golf ball was hit at a head speed of 45 m/second, 
carry (flight distance to the point firstly dropping on the 
ground) was measured. 

(3) Adhesion between core outer layer and center 
The resulting golf ball is cut into two equal 

parts, the core outer layer was separated from the center 
by hand, and adhesion between the core outer layer and the 
center is evaluated by the evaluation criteria. The 
evaluation criteria are as follows. 

(Evaluation criteria) 

Good: The core outer layer is separated between 

layers . 

Poor: The core outer layer is separated in the 

layer. 

(4) Durability 

A golf ball was struck against a metal board at a 
speed of 45 m/second, repeatedly. The durability is the 



number of strike until the cover of the golf ball cracks, 
and is indicated by an index when that of Example 1 is 100. 



Table 4 



Test item 


Example No. 


Compaa 
Examp] 


rative 
Le No. 


1 


2 


3 


4 


5 


1 


2 


Releasability 


Good 


Good 


Good 


Good 


Good 


Poor 


Poor 


Carry (yards) 


230 


229 


230 


229 


229 


231 


230 


Adhesion 
(core outer 
layer/ center ) 


Good 


Good 


Good 


Good 


Good 


Good 


Good 


Durability 


100 


95 


105 


90 


90 


103 


97 



As is apparent from the comparison of the 



physical properties of the golf balls of Examples 1 to 5 
with those of the golf balls of Comparative Examples 1 to 2, 
the golf balls of the present invention of Examples 1 to 5 
have long flight distance and excellent durability, and 
have good releasability from a mold because the core outer 
layer does not contain zinc acrylate. On the other hand, 
the golf balls of Comparative Examples 1 and 2 have poor 
releasability from a mold because the core outer layer 
contains zinc acrylate. 



